Cassava (Manihot esculenta) plants were observed in the Amazon region showing extensive leaf blight. The identity of the pathogen was confirmed based on morphological characteristics and the sequence of ITS region of the rDNA. Koch's postulates were fulfilled and pathogenicity was demonstrated. Cassava leaf blight, caused by Rhizoctonia solani AG-1 IA, is reported for the first time in Brazil.
Cassava (Manihot esculenta) is one of the most important agricultural crops in the Brazilian Amazon, with evidence that its domestication has occurred in the Amazon Basin (Moura et al. 2013) . A severe leaf blight epidemic in cassava plantations was observed close to a native forest, in Mâncio Lima municipality, Acre state, Brazil, in 2018. Symptomatic plants presented extensive leaf blight, with plants frequently showing more than 60% of severity levels. Furthermore, lesions were also observed progressing towards the stem, frequently causing death of young plants (Fig. 1a ). The signs of the pathogen consisted of conspicuous superficial hyphae on symptomatic tissues, often hanging necrotic leaves with a white thread.
Leaf samples with a dense white mycelial web were collected and after examination, more than 50 associations between symptoms and signs of a fungus with morphological characteristics of Rhizoctonia were observed. From a representative leaf sample, a portion of the mycelium was transferred to a Potato Dextrose Agar (PDA) culture medium supplemented with 50 ppm Chloramphenicol (Sigma, China), thus obtaining a pure culture.
To determine the number of nuclei per cell, cultures were grown in PDA at 25°C, for 24 h. A portion of the hyphae was removed from the edge of the colony and placed on a glass slide with a drop of alkaline safranin solution (0,5% safranin, 10 mL KOH 3%, 5 mL glycerin, and 79 mL tap water). The hyphae were examined under an optical microscope, and the number of nuclei per cell was counted.
The anastomosis group (AG) was determined according to the technique presented by Ceresini et al. (1996) . A mycelial disc of the isolate was transferred to a microscope slide and paired with each of the following tester strains of multinucleated Rhizoctonia solani groups obtained from the Culture Collection of Microorganisms of Environmental and Agricultural Importance (CMAA) at Embrapa Meio Ambiente, Jaguariúna, São Paulo, Brazil: AG-1 IA (CMAA 908) AG-1 IB (CMAA 909); AG-2 2 IIIB (CMAA 907); AG-3 (CMAA 906); AG-4 AHI (CMAA 903); AG-4 140 (CMAA 904); AG-7 H0 (CMAA 901); AG-BI TS-2-4 (CMAA 905). Each paired combination was maintained inside a Petri dish at 25°C in the dark. Mycelial growth was observed in optical microscope several times a day until hyphal contact. The classification of the anastomosis reaction was observed at the point of hyphal contact assuming the criteria adopted by Parmeter et al. (1969) .
To test Koch's postulates, 0.5 mm-diameter mycelium discs of the associated fungus were deposited on the abaxial surface of detached cassava leaves over a moistened absorbent paper, and incubated inside plastic germination boxes, in the dark, at 25°C. Each assay consisted of 3 repetitions of healthy leaves of cassava and two isolates of the associated fungus, and PDA discs with no mycelium growth were used as controls. After the development of the typical symptoms, the pathogen was reisolated from leaves to confirm the association with the aetiological agent.
For the sequencing of the internal transcribed spacer (ITS) region of the rDNA, genomic DNA of the pathogen was extracted by using the DNeasy mericon Food Kit (Qiagen, Germany). The amplification of the ITS region was performed with the pair of primers ITS4 (5'-TCCTCCGCTTATTG ATATGC-3′) and ITS5 (5'-GGAAGTAAAAGTCGTAACAA GG-3′) (White et al. 1990 ), by using the Fungi-ITS amplification and sequencing protocol (Q-bank 2019). The PCR products were purified using ExoSAP kit (USB Corporation). Sequencing reactions were performed in ABI-Prism 3500 Genetic Analyzer (Applied Biosystems). A 685 bp resulting sequence was deposited in GenBank under accession no. MK503162.1 and then compared to other entries through BoldSystems (Ratnasingham and Hebert 2007) and BLAST searches in GenBank. Phylogenetic analyses were done by using ITS region from reliable AGs sequences of R. solani deposited in GenBank. Ceratobasidium ramicola CBS 758.79 was used as outgroup. Sequences were aligned with MUSCLE algorithm and phylogenetic analysis was done using Maximum likelihood method, with MEGA X software (Kumar et al. 2018) .
Morphological characteristics revealed the associated fungus presented typical features of R. solani, such as microsclerotia formation in PDA culture medium, white-brownish mycelia, right-angled branching hyphae, and multinucleated cells (Fig.  1b) . Hyphal fusion, characterised by the death of cells in anastomosis and adjacent cells, was observed only for pairing with tester strain AG-1 IA (Fig. 1c) .
The isolate showed 99.68% of similarity with Rhizoctonia solani (tel. Thanatephorus cucumeris) using the Barcode of Life Data System-BOLD (Ratnasingham and Hebert 2007) . BLAST searches revealed that the obtained sequence was 99% similar to other R. solani AG-1 IA accessions (JX294339.1 (663/ 669 nucleotides) and AY270008.1 (621/623 nucleotides)) (Mora- Umaña et al. 2013; Fenille et al. 2003) . This higher similarity to AG-1 IA accessions was confirmed through phylogenetic analysis (Fig. 2) . Based on these results, the pathogen belongs to Rhizoctonia solani AG-1 IA.
All inoculated leaves presented typical leaf blight symptoms 72 h after inoculation, with a white mycelial web growth over the tissue. R. solani was eventually recovered, fulfilling Koch's postulates (Fig. 1d) . The isolate was deposited in the Culture Collection of Microorganisms of Environmental and Agricultural Importance, Jaguariúna, Brazil (access code CMAA 1734). This is the first report of Rhizoctonia solani causing leaf blight on cassava. The proximity of the affected crop to the native forested area infers that the pathogen may come from other hosts of the forest ecosystem. Recently, evidence has been Fig. 1 a Leaf blight symptoms on field cassava plantation, b multinucleated hyphae, c hyphal fusion between CMAA 1734 isolate and tester strain of Rhizoctonia solani AG-1 IA (arrow), d symptoms and signs of R. solani CMAA 1734 on inoculated cassava leaf demonstrated that R. solani AG-1 IA populations are capable of emerging as new strains with host specialisation, leading to host shift on neighbouring crops, with high probability of accelerated evolution (Mesa et al. 2015) . The yield loss caused by this disease can have an extensive impact on the Amazon region, as the cultivation of cassava is one of the most important crops for local trade and subsistence, with substantial family farming traits. 
